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Abstract—  Significant variations on characteristics were observed on different aromatic rice genotypes in their responses to 
drought stress imposed at different growth stages. 
Genotypes which exhibited significantly longer plumule length are Milagrosa, Peneliza (G), Pandan, CLSH1-C, Pirurutong 
(G), Suphanburi (3). With significantly long seminal root length eight days after seeding were genotypes such as Laila and 
H2OS2. With respect to number of leaves at vegetative stage genotypes Peneliza and CL-1 (Basmati 370) had significantly 
highest number of leaves. Genotypes with expressions of longer plumule length, longer roots and more leaves indicate their 
endurance to drought stress at vegetative stage. When drought stress was imposed during the reproductive stage genotypes 
Capaocan, Dipaocan, Peneliza and H20S1 manifested taller plant height and well exserted panicle when are indicative of their 
ability to withstand drought stress. Also Pirurutong (G), and Suphanburi 1 produced highest number of productive tillers 
suggesting that they can resist drought; while Peneliza, Suphanburi 60, Suphanburi 1, and Capaocan had significantly the long 
root length at maturity and genotypes that had heavy root weight at maturity were CL-1 (Basmati  370), Basmati  385 and 
CLSH1-C. 
Dipaocan, Basmati 385, CL-2 (Kasturi) and Capaocan exhibited significantly long panicle length while Capaocan, Dipaocan, 
Suphanburi 3, Peneliza, Jasmine, Suphanburi 1 and Suphanburi 60 showed significantly more number of primary branches 
per panicle; Dipaocan, Suphanburi 1, Suphanburi 3 and CLSH1-A had significantly high percent filled grains; Jasmine had 
heaviest weight of 1000 grains; Ginesking, Dipaocan, Peneliza and Porac 1 had significantly high yield. Varieties which 
responded desirable characteristics even under stress are indications of their potential materials for further improvement in 
developing tolerance for drought environment. 
Genetic variability of grain yield and yield contributing characters, had high estimate of genotypic coefficient of variation 
which means that they are influenced by genetic factors. On the other hand, root weight at maturity had high phenotypic 
coefficient of variation which shows that this trait is more influenced by environmental factors than genetic factors.  
Correlation coefficient analysis indicated that there is strong positive and significant correlation of yield with percent filled 
grains (r = 0.421**), panicle length at maturity (r = 0.491**), and weight of 1000 seeds (r = 0.387**).  
 
Index Terms— Genotypes, Genotypic Coefficient of Variation, Panicle Exsertion, Phenotypic Coefficient of Variation, 
Rain-Out   Shelter. 
 
I. INTRODUCTION 
 
Among cereals, rice (Oryza sativa L.) is the most 
drought-sensitive crop [15]. Even a mild drought 
stress during reproductive stage results in severe yield 
losses. Most of semi-dwarf high yielding varieties 
developed during the green revolution era were meant 
for irrigated ecosystems and are highly susceptible to 
drought. Since high-yielding drought-tolerant 
cultivars are not available, farmers in drought-prone 
areas cultivate either high yielding cultivars with good 
grain quality that are drought susceptible or 
low-yielding traditional cultivars that are drought 
tolerant but have poor grain quality and also less 
input-use efficiency. 
Water stress is one of the more important 
environmental stresses affecting agricultural 
productivity around the world and may result in 
considerable yield reductions [11]. Reference [1] 
added that from the beginning of agriculture, drought 
stress is one of the most important factors, causing 
famine and death by its influence on plant 
productions. There are five main reasons for the 

importance of drought stress; its unpredictablity, way 
of occurrence, intensity, time and duration of drought. 
On the other hand, interaction between drought stress 
and other abiotic stresses like high temperature and 
changes in nutrition availability limits plant growth 
and development. Drought stress is multidimensional 
stress that affects different plant growth stages.   
Different developmental stages of rice such as tillering 
phase, panicle initiation and heading known to 
respond differently to drought stress, however, factors 
such as timing, intensity and duration of stress have 
detrimental effect on plant growth. Reproductive 
stage, especially during flowering, is more vulnerable 
to stress and causes spikelet sterility. This study aimed 
to characterize aromatic and pigmented rice genotypes 
under rain-out shelter subjected to drought stress at 
different growth stages. 
 
II. DETAILS EXPERIMENTAL  
A. Materials and Procedures 
Seeds of 25 aromatic and pigmented rice genotypes 
were obtained from the Research Seed Laboratory, 
RET, CLSU, Science City of Muñoz, Nueva Ecija,  
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Philippines. They were selected based on their 
previous performance particularly aroma and taste.  
Names of materials used in the experiment are listed 
below: 

 
 
B. Land Preparation 
The field was cultivated and prepared thoroughly two 
weeks before planting to allow decomposition of 
weeds. Experiment was conducted under rain-out 
shelter covered with UV treated plastic with 90 % 
light penetration to prevent the test plants from 
exposure to rain. 
 
C. Experimental Design and Lay-out 
The experiment was laid out under rain-out shelter in 
Randomized Complete Block Design (RCBD) in three 
replications. 
 
D. Sowing of Seeds and Thinning  
Seeds of 25 aromatic rice genotypes were disinfected.  
Three seeds from each variety were dibbled per hill in 
the field and were thinned out to one seedling per hill.  
  
E.   Cultural Management Practices 
Cultural management practices were done throughout 
cropping season to avoid damages.  
 
F. Fertilizer Application 
Basal application of fertilizers were done.  

G. Data Gathered 
Daily weather data (temperature) were collected 
during the course of the experiment at the PAGASA 
weather station located at the Central Luzon State 
University, Science City of Muñoz, Nueva Ecija, 
Philippines.  
 
H. % Emergence Eight Days After Sowing (DAS) was 
obtained eight days after sowing and was calculated as 
follows: 
                            Total number of seedlings  
                            emerged 8 days after sowing 
% Emergence = ------------------------------------ x 100 

                Number of seeds sown 
 

I. Seedling Vigor Index (SVI) was calculated 
following formula described by [2] as follows: 
 

SVI = (seedling length (cm) × germination percent)/100 
 
J. Plumule Length (cm) was obtained by measuring 
shoot length (cm) from node/collar region to tip of 
shoot from five sample plants, from each genotype, 
eight days after sowing. 
 
K. Root length (cm) at maturity plants were uprooted, 
soil particles were washed off from the roots and roots 
were blotted dry using paper towels. Length of roots 
were determined using meter rule from stem base to 
longest root tip of main root. 
 
L. Root weight (g) at maturity was obtained by 
weighing roots of each plant. 
 
M. Number of days to maturity was obtained by 
counting number of days from seeding to grain 
ripening (85% of grains on panicle were mature). 
 
N. Statistical Analysis 
All parameters gathered were analyzed statistically 
using SAS or MSTAT or SPSS ver. 16 software except 
for panicle exsertion. Comparison of treatment means 
was done using the Duncan’s Multiple Range Test at 
5% level of significance (P<0.05).  
 
III. RESULTS AND DISCUSSION 
 
A. Seedling vigor index.  
Seed vigor is characteristic that determines potential 
for fast and uniform seedling emergence and 
establishment of crops. Such characteristic defines 
crop initial growth what can have direct and indirect 
effects on capacity of plants in capturing natural 
nutritive resources and intervene in their competition 
intra- and interspecific. 
Seedling vigor index among the 25 genotypes ranged 
from 11.8 to 24.4 with H20S1 lowest, and Suphanburi 
3, highest. 
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 However, analysis of variance revealed that 
differences in seedling vigor index of plants with 
drought stress is insignificant. Result of this study 
implies, that plants were comparably vigorous in 
terms of seedling vigor index. 
 
B. Plumule length (cm).  
Nine out of 25 varieties were found to have longer 
plumule length eight days after emergence with mean 
lengths of 27.3, 25.0, 24.7, 23.2, 22.9, 22.3, 22.1, 
21.9, and 21.8 cm obtained from Milagrosa, Peneliza 
(G), Pandan, CLSH1-C, Pirurutong (G), Suphanburi 
(3), Peneliza, Pusa Basmati and Jasmine, respectively. 
On the other hand, H2OS1, Capaocan, Suphanburi 1, 
CL-1 (Basmati 370)  and CLSH1-A were found to 
have shortest plumule length as indicated by mean 
ratings of 12.7, 13.2, 15.3, 16.9 and 18.0, respectively. 
Analysis of variance showed significant difference in 
plumule length eight days after sowing. It is noted that 
H20S1 had also low percent emergence and lowest in 
seedling vigor index. This indicates that this genotype 
is slow in its growth habit.  
 
C. Maximum root length (cm) at 8 DAS.  
Eight days after sowing, ten of the 25 rice genotypes 
were found to have long seminal root (seminal root 
was longest root at early seedling stage) length. 
Longest mean root length of 7.8 cm was recorded from 
Laila, followed by H2OS2 at 7.7 cm, Suphanburi 3 at 
6.4, Pirurutong (G) at 6.3, Suphanburi 60, CLSHI-C, 
and CL-4 (E9) at 6.2, CL-1 (Basmati 370), Pusa 
Basmati and Jasmine at 6.1 cm (Table I). Shortest root 
length was recorded in H2OS1, Pandan and Suphanburi 
1 at 4.1, 4.2 and 4.5 cm, respectively. Analysis of 
variance showed significant difference in root length 
of the 25 rice genotypes. 
 
According to [2], reduction in radicle length under 
drought stress was due to impediment of cell division 
and elongation is dependent on the kind of 
tuberization.  The study of [2], showed that 
development of the radicle system in response to water 
deficit suggests that the expression of certain genes 
controlling radicle formation was stimulated by 
drought conditions. However, in this study, drought 
stress was not able to stimulate genes to control radicle 
formation of some genotypes wherein they were able 
to elongate their roots under drought stress condition. 
Therefore, roots of those genotypes were able to 
undergo cell division and elongation even under 
drought stress indicating their potential resistance to 
drought condition. According to [16], often, root is 
less influenced by water stress than aerial organs. This 
is because of the mechanism responsible for 
accumulation of soluble materials, especially amino 
acid Proline, and turgor maintenance some times after 
stress. 

D. Number of leaves.  
The 25 genotypes exhibited differences in their 
number of leaves. Peneliza, CL-1 (Basmati 370) and 
Pirurutong (G) had highest number of leaves of 19.0 
(Table I). On the other hand, least number of leaves of 
16.0 was recorded in Capaocan, Milagrosa, LR-2, 
Pusa Basmati, H2OS2 and Dipaocan. Results of 
analysis of variance showed that there was significant 
difference in number of leaves of the 25 genotypes; 
while the rest of the genotypes were still able to 
produce more number of leaves as affected by drought 
stress.  
 
Imposition of drought stress 18 days after sowing of 
aromatic rice affected production of new leaves of the 
different genotypes, thereby, reducing number of 
leaves in some aromatic rice genotypes. This 
observation agrees with [14]. Significant reduction of 
number of leaves at tillering  resulted from water 
stress imposed at that stage; this was because low leaf 
water potential resulted in large reductions in 
photosynthesis, reductions caused both by decrease in 
the photosynthetic activity of a unit of leaf and 
production of new leaf surface.  
 
According to [7], if soil is too dry, it will not be able to 
produce new leaves, at the same time, rate of crop 
growth and development would be affected. 
Imposition of drought stress in the different genotypes 
resulted on their differences to produce leaves. 
 
E. Plant height.  
Among different genotypes evaluated, tallest plant 
height of 121.7 cm was observed in Dipaocan, 
followed by Capaocan, Peneliza, H2OS1 and Porac 1 
with means of 115.6 cm, 100.9 cm, 100.4 cm and 92.1 
cm, respectively. Lowest plant height  was with Laila, 
LR-2, Ginesking, Pusa Basmati and CLSH1-C. 
Analysis of variance showed significant differences on 
plant height of the varieties. This result agrees with  
[13], that moisture stress reduced plant height under 
20% soil saturation at booting and flowering stages. 
Similar result was reported by [7]. They stated that 
decrease in plant height was either due to inhibition of 
cell elongation or cell division by severe water stress. 
Reference [14], also revealed that reduction in plant 
height was result of water stress imposed at tillering 
stage. This is because imposing water stress resulted 
in low leaf water potential and reduction in 
photosynthesis; photosynthetic activity declines 
because of decreased stomatal opening and inhibition 
of chloroplast activity;  this reduced length of 
internode at jointing stage which follows tillering 
stage. At the time when water stress was imposed at 
flowering and grain filling, jointing stage had taken 
place and plants had reached their maximum height, 
thus, effect of water stress was ineffective. 
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It was noted that some genotypes particularly 
traditional varieties such as Dipaocan, Peneliza and 
Porac 1, exhibited tall height even when subjected to 
drought stress, indicating that they are inherently tall 
compared to those that are inherently short. 
 
According to [7], if soil is too dry there will be no 
production of new leaves, rate of crop growth and 
development would be brought to standstill. 
 
Plant height was affected by drought stress imposed 
right after sowing until 100 DAS. Decrease in plant 
height is due to inhibition of length of cells or cell 
division by water deficits. Another factor that 
contributed to short plant height is the lesser number 
of leaves produced during drought stress, therefore, 
leaf surface that will undergo photosynthetic activity 
is reduced, thereby, photosynthates for crop growth is 
also reduced.   
 
F. Panicle exsertion.  
Three out of 25 rice genotypes were found to have well 
exserted panicles. These were Capaocan, Dipaocan 
and Peneliza; while genotypes which exhibited 
moderately exsertion of panicle were recorded in 
Pandan, Suphanburi 1, CLSH1-A, CL-2 (Kasturi), 
Suphanburi 60, Suphanburi 3, CL-4 (E9), Ginesking, 
Basmati 385 and Porac 1. On the other hand, 
Pirurutong (G), Jasmine, Luna Red and LR-2 were 
found to have shortest peduncle and panicle exsertion 
and described as partially exerted (Table I). Similar 
results were reported by [12]. 
 
Panicle exsertion is important trait that reflects on 
yield of rice genotypes when they encounter drought 
stress. Drought stress influenced peduncle elongation. 
Panicles partially exserted with drought stress had 
spikelets trapped in leaf sheath due to shortened 
peduncle. Spikelets inside flag-leaf sheath are 
completely sterile, which is partly responsible for 
overall reduction in spikelet fertility. Spikelets trapped 
within leaf sheath result in absence of anthesis and 
fertilization, heat trapped within leaf sheath, devoid of 
free air flow resulted in much higher sterility. Similar 
to results of this study, wherein those genotypes whose 
panicles were partially exserted had lowest yield. 
 
G. Number of productive tillers.  
Among the 25 rice genotypes, six were found to 
produce high number of productive tillers such as 
Pirurutong (G), Suphanburi 1, CLSH1-C, Peneliza 
(G), Porac 1 and LR-2 with means of 13.0, 12.0, 11.0, 
10.0, 10.0 and 10.0, respectively. On the other hand, 
seven genotypes exhibited low number of productive 
tillers such as Capaocan, Dipaocan, H2OS1, Basmati 
385, CL-2 (Kasturi), H2OS2 and Luna Red with mean 
productive tillers of 4.0, 4.0, 6.0, 6.0, 6.0, 7.0 and 7.0, 
respectively (Table I). Results of analysis of variance 

indicate that there is significant difference in number 
of productive tillers of the twenty five varieties. 
 
Similar results had been shown by [14] who revealed 
that the fewer tillers observed at tillering resulted from 
water stress imposed at tillering because 
non-availability of water at tillering stage resulted in 
reduction in amount of intercepted photosynthetically 
active radiation (PAR). Similarly, during tillering, 
plant produces leaves and due to reduced growth as a 
result of water stress, leaf initiation is slowed down, 
thus, tends to reduce tillers. With imposition of 
drought stress 18 days after sowing coupled with high 
temperature inside the rainout shelter affected 
production of tillers in most of the genotypes. Some 
genotypes which were able to produce more number of 
productive tillers indicate their ability to withstand 
stress.  
 
H. Number of days to 50% flowering.  
Drought stress was imposed 65 DAS and 75 DAS. The 
earliest to flower (69.0 days) was Peneliza (G) which 
is not significantly different from Basmati 385, 
Pirurutong (G), Milagrosa, LR-2, CL-2 (Kasturi), 
Ginesking, CLSH1-C, Pandan, Laila, and CL-4 (E9), 
as indicated by mean ratings of 71.0, 72.0, 72.0, 74.0, 
74.0, 74.0 and 75.0, respectively. On the other hand, 
Capaocan and H2OS1 took longest number of days to 
50% flowering at 96.0, followed by Pusa Basmati at 
93.0 and Dipaocan at 92.0 (Table I). Results of 
Analysis of Variance (ANOVA) indicate that there is 
significant difference in number of days to 50% 
flowering. The result of this study was in conformity 
with the result of [7], who revealed that water deficit 
during vegetative growth stage delays flowering and it 
is negatively associated with grain yield [10]. 
Reference [7], also reported that delay in flowering 
was reduced if drought were induced at later growth 
stages. Delay in flowering increased with increasing 
the number of days between moment of zero leaf 
expansion and recovery day. If the soil is too dry to 
produce new leaves, rate of crop growth and 
development would be brought to standstill as well. 
 
Drought stress at 65 DAS to 75 DAS reduced yield. 
Genotypes with longer delay in flowering time 
extracted more water during early drought period and 
as consequence, had higher water deficits.  
 
I. Root length at maturity.  
The different genotypes exhibited variation in root 
length at maturity. Peneliza, Suphanburi 60, 
Suphanburi 1, Capaocan and Porac 1 had longest root 
lengths at maturity of 16.0, 15.2 and 15.1 cm, 
respectively. Shortest root length was recorded in 
CLSH1-C, LR-2, Peneliza (G), CL-1 (Basmati 370), 
CL-2 (Kasturi), Luna Red, CL-4 (E9) and Pusa 
Basmati with 8.9, 9.8, 10.0, 10.5, 10.8, 10.8, 10.9, and 
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11.0, respectively. Results of analysis of variance 
showed there was significant difference in root length 
at maturity of the 25 rice genotypes. This result is 
similar to results of the study of Lafitte and Bennett, as 
cited by [5] who reported that rice is significantly less 
capable of penetrating compacted soils than other 
crops are.  
 
According to [8] root growth was considered as 
adaptive mechanism that alleviates water uptake 
under drought conditions resulting from extra root 
growth, which enables plants to obtain more soil 
water, similar to some genotypes in this study wherein 
they were able to produce longer roots under drought 
stress condition. 
 
Rapid development of deep-root system is considered 
drought avoidance strategy for plants as it enables 
absorption of water in deep soil layers. 
 
Root system that is high in function may be defined as 
the one that developmentally responds to 
environmental changes in way that it stabilizes the 
whole plant growth, which may be called as plastic 
root system.  
 
J. Root weight at maturity.  
Data on root weight at maturity showed that CL-1 
(Basmati  370), Basmati  385 and CLSH1-C had 
highest root weights of 68.1 grams, 32.0 grams and 
31.2 grams, respectively, (Table I). Lowest root 
weight was recorded in Capaocan, Peneliza (G), 
Suphanburi 3 and LR-2 with 3.8 grams, 6.1 grams, 6.2 
grams and 6.3 grams, respectively. Results of analysis 
of variance indicate that there is no significant 
difference in fresh root weight and ovendried root 
weight of the 25 rice genotypes. 
 
Similar results had been shown by [7], who revealed 
that drought induced more rapid root growth. 
Reference [7},  added that roots are capable of 
growing at low matric potential, down to -1.5 MPa 
and even lower. Raising of root weight  under water 
stress may be considered as adaptive mechanism that 
alleviates water uptake reduction under drought 
condition resulting from extra root growth. In this 
adaptive mechanism, assimilates accumulate and their 
partitioning from leaves and stems to roots can renew 
root growth and resulted in exploration of more soil 
volume which enables plant to obtain more soil water, 
similar to result of this study, wherein genotypes were 
able to have heavier root weight. 
They added that carbohydrate partitioning between 
shoot and root under water stress is generally altered 
in favor of root biomass. When leaves stop expanding, 
photosynthesis still continues and level of reserve 
carbohydrates increases, which makes more of them 
available for growth of the root system. 

K. Number of days to maturity.  
The different aromatic genotypes did not show 
significant difference in number of days to maturity. 
Numerically, varieties which were found to have 
highest number of days to maturity was noted in 
Capaocan, H2OS1, H2OS2, Laila, Pusa Basmati and 
Dipaocan indicated by means of 129.0, 127.0, 127.0, 
127.0, 126.0 and 126.0 days, respectively. Five out of 
twenty five varieties were found to have shortest 
number of days to maturity which is indicated by 
means of 113.0, 115.0, 116.0, 117.0 and 119.0 days. 
These were CLSH1-A, Ginesking, Basmati 385, 
Milagrosa and Jasmine, respectively. It was noted that 
rice genotypes under drought stress condition had 
shorter number of days to maturity or were able to 
escape drought stress compared to genotypes grown 
under normal field condition, wherein they have 
longer number of days to maturity. 
 
L. Genetic Variability of Grain Yield and Yield 
Contributing Characters 
Estimates of variability and its heritable component 
available in a material are pre-requisite for any 
breeding program. It is very difficult to judge whether 
any phenotypic variability is heritable and non 
heritable components with the help of certain genetic 
parameters such as genotypic and phenotypic 
coefficient of variation, heritability and genetic 
advance. 
 
Genotypic and phenotypic coefficient of variation and 
heritability as percentage of mean are presented in 
Table II. 
 
In crop breeding programs, genotypic coefficient of 
variation (GCV) and phenotypic coefficient of 
variation (PCV) are useful in assessing genetic 
variability present in character of population.  
In breeding program, estimate of genetic advance is 
important because it shows extent of genetic gain that 
can be expected through selection in character to be 
improved. Reference [9] revealed that only additive 
effect of genes contributes toward genetic 
advancement. This is the major concern of plant 
breeders. 
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Table I. Mean values of different agronomic characters of 25 aromatic rice genotypes 

 
means with 3 replications means  
having the same letters are not significantly different using DMRT 
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Table I continued . . . 

 
means with 3 replications 
means having the same letters are not significantly different using DMRT 
 
 
Table II. Genetic parameters for agronomic characteristics, yield and yield contributing characters of the 25 
aromatic rice genotypes 

 
 
 
 
 

 
 
 
 
 

 
 


